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MoBOdoiul Antibody Specific for BA4 Peptide 

Field oftlie Invention 

This application relates to Alzbeiiner's disease, particularly, to a monoclonal 
5 antibody q>ecific for the fiA4 peptide derived fitun Amyloid Precunor Protenu cells 

which produce such antibody^ methods of generaring such monoclonal antibodtea, and 
to methods for using such antibodies in diagnostics and therapy. 

Background 

0 Alzheimer's Disease (AD) is an irreversible progressive neurodegenerative brain 

disorder. Over tiie coune of sev^ years the progression of AD leads to memory 
loss, dementia, and finally death. Currendy, it is the fouvth leading cause of death in 
the United States, accounting for approximatdy 100,000 deat^ Typically, 
AD aflfectt primarily die dderly and is tfierrf^ 

S e'cpected to be an increastoghealdi concern in die near future. Soon after the onset of 

die disease, padenta require assistance around die clocic Thb represents a tremendous 
psychcriogical as wdl as financial problem for our society. At present, no proven 
means for diagnosis, prevention, treatment, or cure of AD exist. 

NeuropsdiologicaUy, AD is characterized by massive neuronal ceU loss in 

3 certain brain areas, and by the deposition of protetnaceous material in die brains of AD 

patients. Thesedeposttsaredieintraceliular neurofibrillary tangles and the 
ffi ffra cri h ilar B-amyi<Md plaques. The rmyor protein component of the &-amyioid plaque 
is the BA4 peptide. Sequence analysis of purified ^amyloid plaque material and mass 
q>ectrometry showed dut die maxinnim lengdi of the BA4 peptide is 43 amino adds. 

5 Typically, however, species of the peptide can also end either at position 40 or portion 

42 (Miller efoi, l993Mrcfi Biochem. Biophys, 301:41-52). Similariy, at die 
N-tcrminus, a certain raggedness can be observed, leading to several diflTerent forms of 

-I- 
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the peptide, surtiQg mainly at poatd Q 1» 4 r 11 (XfiUcrefail, 1993). 

M lecular cloning revealed that the 0A4 peptide is derived from a much larger 
precursor protein tenned the "Amyloid Precursor Protein" (APP) (Kang etaL, 1987, 
Nature 325:733-736) (Figure I). Figure 1 iUustrates the Amyloid Precursor Protein 
S (APP) ^ch is a trans m emfaine (Tm " membrane region) protein where the 

N*terminus is located extracellular and the C-terminus is located intFaceDular 
(cytoplasmic). QA4 is partially embedded imo the membrane. Several ahematively 
spliced isofonns have been described, which undergo extenave post-translational 
modifications (Sdkoe, 1994, Rev. Neurosd. 17:489-517). The BA4 sequence 

10 itselfis located partially on the extniceUular side and extends partially int^ 

transmembrane region (Hgure 2). Figure 2 (SEQ ID N0:3) illustrates the BA4 
sequence, shpwn (encircled area) extending with hs C-terminal end into the 
transmembrane region (Tm; boxed area) and the N-tenminal end located in the 
qctraccUular part. Asterisks indicate the location of fiunilial mutations in the APP gene; 

15 * they are either flanldi^ the 0A4 sequence, or are centered in the middle portion of the 

0A4 sequence. The three major cleavage sites (a, p and y) in APP are indicated. 
Release of 0 A4 wu therefore postulated to occur through the proteolytic action of one 
or more proteases on the Nnerminus (&oit) and on the C-terminus (y-cut) of the 
peptide (Figure 2) (Selkoe, 1994). The main evem during the secredon of APP is at 

20 the a-cut (position 16/17 of BA4 "1^2"). This secreted APP molecule (aAPPs) 

contains the first 16 amino adds oftheOA4 sequence at its caiboxyl end. The 
remainiiig cel l« assoda t ed APP fragmenu (so called C*terminal fragmems (CTFs)) 
contain the C-terminal portion of the 0A4 sequence and extend to the cytoplasmic 
region of APP. Therefore, this proteolytic cut results in fragments wMch may not be 

25 processed in such a way that directly or indirectly leads to amyloidogenic fragments 

(non-amyloidogenic processing) (Selkoe, 1994). 

Recently, it was demonstrated that cell lines which express large amounts of 
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APP through a subty truufected AFP cDNA construa produce high picooioUr to low 
run molar amounta f 0A4 and release it rapidly int the medium (Shoji et al., 1992, 
Science 2S8: 126-129). It has also been found that virtually every primary cell culture 
and cell line releases fiA4 constituttvety (Buscigiio ef at., 1993, PNAS USA 
5 90:2092*2096). AdditionaUy, healthy coritroUuweUuAlzhciinerpatieDUhav^ 

ihown to have low nanomolar amounta of BA4 in sera and CSF (Seubcrt €/a/., 1992, 
Nature 359:325-327). The nugority of the detected sohible BA4 species in these body 
fluids and conditioned media wu BA4 " 1-40", which is not truly reflexive of the 
overall composidon found in B-am^oid plaque depositions. The nodon that the 

10 production and subsequem release of aA4 is sufficient and therefore responsible for the 

buildup of B-amyloid plaques in the brains of AD patiems could therefore no longer be 
maintained; other £ictors must contribute to the depo^tion of 0-amyloid plaques. One 
straightforward hypothesis is tliat acute or chronic overproduction of BA4 causes the 
increased axn^oid load observed in AD 

IS The finding that $ped&c point mutations in and around the BA4 region of the 

APP gene are linked with certain &nulial Akhdmer^i disease (FAD) cases showed 
unequivoqdly that the APP gene is a "disease gene" (Goate etal,^ 1991, Ndtm 
349:704-706; MurreU eioL, 1991, Science 254:97-99; Levy etal., 1990, Science 
248:1124*1126; Carter e/ a/., 1992, Atokrre Generics 2:255-256). In &milies in which 

20 AD is inherited dominantly whh a q>ecific age of onset, the point mutations m the APP 

gene are necessary and sufficient to cause AD. Although the vast majority of 
Alzheimer disease cases are sporadic and probably muld&ctorial, these familial APP 
mutations caa teadi us a great deal about amyloidogenesis, i.e., the generation of the 
small BA4 peptide firom the larger precursor and its subsequent deposition in B-amyloid 

25 plaques. 

The double mutation at APP codon 670/671 (the "Swedish variant", at the 
N-terminus of BA4 in APP) causes a 5 to S fold higher release of 6A4 in cell cuhures 
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Stably tnnsfected with that mutated APP cDNA (Figure 2) (Citron ei aL, 1992; Cai et 
qL, 1993). It ia conceivable that this double point mutation leads to an increased 
turnover of APP due to increased proteolysis at the B-cut, which in turn leads to a 
higher level of rdeaaod DA4. Increased amounts of 8A4 monomers^ as demonstrated by 
transfection studies with the "Swedish mutation", can explain the faster Idnedcs of DA4 
aggregation to 0-amyloid plaques in these families. 

Another FAD mutation lies C-termtnal of QA4 at position 717 ("London 
variant") and does not affect the levd of released BA4 in tissue culture (Kgure 2). It 
was recently demonstrated that this 717 mutation changes the "l-4(Vl-42* 0A4 ratio 
(Suzuki €i al., 1994, Sdmce 264:1336-1340). Althougji it is not clear at the moment 
how the genenuion of the C-tenninus of BA4 occurs, since this part is embedded in the 
transmembrane region, it is tempting to hypothesize that-the "London mutttion" affects 
the proteolytic breakdown of APP to BA4. Possibly, this point mutation interferes with 
^ ctbe cleavage fidelity of the responsible protease at the y-Mt. BA4 t-40 exhibits among 
other things « dramatic difference in its solubility in aqueous solutions when compared 
to BA4 1-42 (Burdick et al., 1992, JBC 267:546-354). The latter is virtually insohible 
inwater.whereu 1-40 ia water soluble up to several m^ml in vitro. Minor amounts of 
the longer 1-42 form can enhance precipitation of MO in vitro dramatically. A slightiy 
higher proportion of the longer M2 0A4 species would explain the early onset 
dqK>sitton of fiA4 to B-amyloid plaques in patients with this "London mutation". The 
proportion of the 1-42 spedes to the shorter more sohible 1-40 species may also be one 
of the critical &^ors in the sporadic AD cases (t.e. cases where no genetic 
predisposition was identified). Monoclonal antibodies which specifically bind to the 
1-42 spedes, are therefore usefiil to investigate the production and presence of fiA4 
spedes ending at amino add position 42, and can be used as a diagnostic indicator of 
abnormal spedes present in AD. 

Recem biodiemical analyses with one antibody which recognizes B A4 ending at 
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position 40. tnd one antibody recognizing BA4 species extending to position 42 r 
further, showed that the contribution of the longer QA4 species might be critical for the 
onset of the disease (Stizuld et aL, 1994). However, the monoclonal antibody of 
Suzuki does not distinguish between QA4 M2, M3, and longer BA4 species. This is 
5 also the case for another reported monoclonal antibody 2G9 (Yang etaL^ 1994, Neuro 

/{<porr 5:21 17-2120). Therefore, border to avoid this crossreactivxty, antibodies 
which are q>ectfic for BA4 species ending at position 42 to the exchision of the other 
forms would be very usefiil in order to avoid crossreactivity with membrane associated 
C-terminal APP fragments, which are typical cellular products not necessarily 

10 associated with the B amyloid plaques. 

One monoclonal antibody recognizing 6A4 1-42 has been described (Murphy et 
oL, 1994, Am. J. Path. 144:1082-1088). However, thcflA4 M3 peptide species was 
not used in these studies, thus it is not known what the exact specificity ofthis 
nK>noclonal antibody would be in response to the 1-43 peptide. Competition studies 

1 S were only performed with BA4 peptides ending at position 40 (** 1-40"), and position 44 

("1-44") and beyond with this antibody. Importantly, the antibody was reported to 
stain diflKise amyfotd, fibrillar amyloid, intraneuronal and extraneuronal neurofibrillary 
tangles, but not vascular amyloid. 

An m vitro biochemical diagnostic test for Al^ieimer's disease in its eariy stages 

20 as well u a means of screening for at-risk AD individuals is not available. The current 

diagnosb of AD requires a detailed clinical evaluation v^ch cannot give dear answers 
until dgnificaitt qmptoms of dememia arul tnernory loss are manifested. In view of the 
research referred to above, flA4M2 represents a preclinical marker for AD. Thus, 
identifying the levd of or the buildup of 0A4 1-42, or other residue 42 terminating 

25 spedes, and how this may progress during the course of the disease, and how it is 

distributed in the brain, will provide valuable insights into monitoring the course of, as 
well as for specific diagnosis and possible treaunent of AD. 
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It would be useful for preparing diagnostic tests, therapeutics and f r 
m nitoring asuys of AD, to have a monoclonal antibody wtuch, in contrast to the 
specificity of presently available antibodies (crossreactive with M3; rq)orted not to 
j ft ijifi vascular amyloidX does stain vascular amyloid and is wpcd&c for BA4 peptide 
S ending at residue 42 , and therefore extends the diagnostic capabilities of tfie art, i.e. 

one that recognizes the free C*tenninus of fiA4 1-42 and stains diffiise and fibrillar 
amyiotd, neurofibrillary tangles, and vascular amyloid Such an antibody is the subject 
of the present application 



1 0 Summary of the Invention 

The instant invendon provides for monoclonal antibody which is specific for the 
0A4 peptide, and in particular, the C-terminusofBA4 "1-42" and stains diffuse and 
fibrillar antt^oid, neurofibrillary tangles, and vascukr amyloid. In particular, the instam 
invention provides for monoclonal antibody which is specific fiDr all 0A4 peptides in 

IS* which the C-tenninus is residue 42 oftheBA4 amino add sequence. Theinstam 

invention fimher encompasses antibody fragmentt and constructs thereof which have 
the same binduig^>edficity. The instant invention encompasses in particular the 
moiKKlonal andbody known as "Mib 3 69.2B* and is produced by the cell line 
"369.28" wluch has been deposited under the Budapest Treaty with the American Type 

20 Culture Collection (ATCC) on January 26, 1995, and has been assigned the ascension 

number HE 1 1829. The instam invention encompasses the use of the monoclonal 
antibody of the instant invention in diagnostic, purification, and therapeutic uses. 

Thus one ennbodiniem of the instam invention encompasses a monoclonal 
antibody specific for BA4 peptide ending at position 42, wherein said antibody binds to 

25 difiSise amyloid, fibrillar amyloid, vascular amyloid, and neurofibrillary tangles. In one 

particular embodiment, the instant invention provides for a monoclonal antibody which 
is specific for the C-terminal amino acids of the BA4 M2 peptide. In the most 
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preferred embodiiDent the insum invention encompasset a monoclonal antibody that is 
identified u 369^, and U produced by the cdl line deposited with the American Type 
Culture Collection (ATCC) u ascension number HB 1 1829. A pref erred embodimem 
of the instant invention also encompasses a cell which is identified by the ATCC 
5 ascension number HB 11829. In a further embodiment ofthe instant invention, an 

immunologically reactive fragment of the monoclonil antibody of the instant invention 
which is capable of the same binding u the monoclonal antibody of the insum 
invention, is encompassed. 

The instant invention also provides for methods of generating BA4 specific 

10 antibodies which recognize the fiee C-tenninal residue 42. The instant invention also 

provides for methods for detecting the presence of BA4 peptides ending at position 42, 
in tissue comprising contacting a tissue sample with moiioclonal antibody of the instant 
invention, by detecting the prcfsence of inonodonal antibody in a sdective £uhioa The 
instant invention also provides for methods for selective purification of 0A4 peptides 

IS . ending at position 42, comprising conucting a sanq)le to be purified whhmonoc 

antibody of the instant invention, separating the BA4 peptide firom the sample to be 
purified, and isolating the 0 A4 peptide. In a fiirther embodiment, the instam invention 
provides for methods for detection of QA4 peptide associated with ALdieimer's 
Disease, conq^rising contacting a sample to be tested with monoclonal antibody of the 

20 instant invention, and detecting the presence of BA4 peptides. 

This the instant oivention also provides for methods for the prevention of 
aggregation of &A4 peptide by administering monoclonal antibody of the instam 
invention. In a preferred embodiment the monoclonal antibody is identide to 369.2B, 
or u sn immunologicaUy active fiagment with equivalem binding spedficity thereof 

25 The instam invention thus provides a metns for d^ecting the presence of BA4 peptide 

comprising an immunologically reactive fragment of the monodonal antibody of the 
instam invention As wdl as a means for preventing the aggregation of BA4 peptide 
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comprisbg an immunologicilly reactive fragment f the monoclonal antSxxiy of the 
instant inventioa The instant invention provides a means for detecting and monitoring 
the levd of BA4 peptide in tissue or fluid samples (e.g. blood, other body fluids, tissue 
sections, biopsy tissues etc.). In a preferred embodiment, the 0A4 pq>tide being 

5 detected, monitored, inlubtted or purified is a fi A4 peptide with a fire caiboxy terminal 

amino add residue being residue number 42 of the 0A4 peptide amino add sequence. 

All references to publications and patent documents in the prior or subsequent 
sections are hereby incorporated by reference in the entirety. Specific prefiened 
embodiments of the present invention will become more evident fi^m the following 

1 0 more detailed description of certain preferred eixibodinients arvl the claims. 

BricfDescriptioB of the Drawings 

The invention will be more completdy understood firom a consideration of the 
^ following detdled description, taken in conjunction with the drawings, in which: 
IS* Fig. 1 is a schematic showing the QA4 portion of the Amyloid Precursor Protein 

( APP), its location relative to the cell membrane, and the a, p and y cleavage sites; 

Fig. 2 shows the BA4 portion of APP, its position rektive to the transmembrane 
repon of a ceil, and the three major cleavage sites (a, p and y) in APP; 

Ftg. 3 is a diagram of the done pGK003 whidi was used to generate the BA4 
20 1-42 peptide; 

Fig. 4A shows SDS-PAGE on a 16 V« Tris/Tridne gd, of in vitro translated 
radioactivdy labeDed BA4 in a wheat genn system; 

Fig. 4B diows SDS-PAGE on a 16 % Tris/Tridne gd, of in vitro translated 
radioactivdy labdied BA4 from wheat germ system, inununopredpitated with MAb 
25 286.8A; 

Fig. 5 is a graph showing immunopredpitation of in vitro translated BA4 (IVT 
DA4)with286.8A; 
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Fig. 6 is a diagram f the peptides used to generate the imnsune response 
(iinmuflogen) and to screen the sera of mice; 

Fig. 7 is a gnfh showing tnununoprecipitation of in vitro tnnslated 0A4 vs. 
antibody concentration; ^ 286.8A, -6- 369.2B, -O- 369.6; 
5 Fig. 8 is a graph showing the % of various 0A4 sequences tmmunopredpitited 

by MAb 369.2; 

Fig. 9 is a graph showing epitope mapping of MAb 369.2 by competitive assay, 
with being 3S-42(OVA) (Ovalbunun coupled 35-42 BA4 peptide)* being 1^2 
0A4 peptide, and being 1-40 0A4 peptide; 
10 Fig. 10 is a photograph showing the binding of MAb 369.2B to vascular 

amyloid and other plaques with various morphologies. 

D^Qed Description of the Invention 

, Tlie 6-antyldd depositions in Alzheimer's disease brains are made up mt^ 

IS * 0 A4 peptides whidi show both N* as well as C-terminal heterogeneity. The major 
Oterminal species, identified by peptide sequencing of &^myloid purified from 
postmortem brun material, end either at position 40 or 42 of the 6A4 peptide which is 
at most 43 residues long. In vitro experiments with synthetic 0A4 peptides ending 
either at position 40 or 42 indicate profound physico-chemical differences. Previously, 

20 the distribution of these two BA4 species in postmortem tissue as well as their 

genention in vitro could not be addressed due to the lade of specific antibodies against 
the carboxy end capable of distinguishing between subspedes of 0A4 peptide. 

Recent evidence suggesu that release of 0A4 is a normal event in virtually 
every cdl culture. Typically high ptcomolar to low nanomolar concentrations of fiA4 

2S can be measured in serum and cerebral spinal fluid (Seubert €t al., 1993). This finding 

was surprittng because it had been assumed that the production ofBA4 is a • 
pathological event since QA4 is massively deposited as fi*amyloid plaques in Hit 
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cortical and hippocampal bnun i^ons of Alzheb^ Dettiied 
sequence antlysu of the rdeased BA4 from cdl culture revealed that the major species 
end at position 40 (SeDcoe, 1994). Amyloid plaques purified from postmortem bnin 
show a slightly different picture: am^oid deponu of the congophilic amyloid 
angiopathy (CAA) are 0A4 aggregites surrounding blood vessels and are 
predominantly 0A4 1-40, vrfiereas in conuast amyloid plaques cores (APC) which are 
present in the brain parenchyma and are not associated with Uood vessels exhibit an 
N-terminal raggedness (startiog most commonly at residues 1, 4 and 1 1) and end 
mainly either at position 40 or 42 (Glenner and Wong, 19H Biochem. Biophy. Res. 
Comnu 120:885-890; Masters 1985, PAM5C/S:4 82:4245-4249; Miller e/ of., 
1993). Occasionally, longer species ending at 43 or extending even further have been 
described (Miller et al., 1993). Because the length of the hydrophobic C-teiminus is 
critical for the ability of the peptide to self-aggregate in vitro (Burdick et al., 1992; 
Jarrett tt al., 1993, Biochenu 32:4693*4697), it is entirely possible that the two 
distinct pathological aggregates, APC and CAA and other vascular B*ainyloid plaques, 
canbeexplainedby the difEmngproperdes of the two species 1-40 and 1-42. This 
could also be the case for the so called "difi^ plaques" (Sellcoe, 1994) which are seen 
frequently in brains of aged humans and are not associated with AD, however, have 
been proposed to be precurson of fibrillar Q-amyloid deposits. A non-fibrillar 
aggregation of B A4 has been suggested for these structures. It is therefiare of primary 
importance to determine the tissue spedfic production of these longer BA4 species Ct*e., 
those ending at pondon 42) and their patholopcal appearance in brains of AD patients. 
Recently three reports have been published where antibodies have been described, 
which distinguish M2 and 1-40 species of QA4 (Suzuki etal., 1994; Murphy er oil, 
1994; Yang tt oL, 1994). Unlike the antibodies of the instant invention, the antibodies 
reported by Suzuki €t oL, and Yang et al., crossreact in a significant degree with both 
the M3 and 1-42 species of BA4 peptide The antibody of Murphy etoL, while not 
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tested for binding with the 1-43 q^edea of fiA4 peptide, exhibiu a different tiisue 
binding p>ttem than the antibodies of the instant invention, and thus must recognize a 
different or modified epitope from that recognized by tiw antibodies of the instant 
invention. 

5 Positiou 29 throu^ 42 oftheBA4 peptide lie entirety within the putative 

tnnsmembnuie region of the Amyloid Precursor Protein and are hydrophobic in nature 
(Miller ei al., 1993). Synthetic peptides to the C-terminal sequences in this region must 
overcome the alnlity of tfie 34-42 sequence to form an unusually stable B-stiucture 
which is virtually insoluble in water and strong denaturants (Halverson etal,, 1990, 

1 0 Biochtm. 29:2639-2644) if they are to be used to elicit good immune responses against 

soluble 0A4. We designed a hydrophilic spacer five residues long which would 
overcome those insohibtlity problems and also extend the presumed epitope away from 
the prpxinuty of the carrier. To reduce the likelihood of cross-reactivity with the 
shorter but m^or BA4 spedes, 1-40, we chose a minimal peptidyl qritope of S residues 

IS corresponding to positions 35-42 of the BA4 sequence. The entire synthetic sequence 

designed in this way vras coupled by a Srtc sulfhydryl group on a N-terminal cysteine 
residue to KLH (keyhole limpet hemocyanin). 

Successfiil use of spacers and hydrophilic rendues in the production of 
antipeptide antibodies is wdl documented as is the use of hydrophilic structures to 

20 bring insohible haptens into sohition for conjugation (McMillan €t aL^ 1983, Cell 

35:859-863; MakeU and Seppala, 1986, in Handbook of Experimental lnmninolo9!v. 
Vohmic 1: Immunodienttrtrv. Wier, D.M.. editor. Bladcwell Scientific Publications, 
Oxford, pp 3. 1-3. 13). The success of this method in producing specific anybodies nuy 
at least in part be attributed to the presence of a fi-ee charged carboxyl termiiul, 

25 espedaDy in context of a hydrophobic sequence, as termiiuJ residues on peptide 

antigens rise to significant proportions of antipeptide antibodies (Gras*Masse et 
al., 1985, in Synthetic Peptides in Bioloyv and Medicine. Alitaio, K. €taL, editors. 
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Elsevier, Amsteniain, p 105). This, along with the selective azidnovd use of a 
miiuinalBA4 sequence used uutinnaurageni^^ f producing 

tn ifttibody which could distinguish between DA4 species ending at postdons 42 with 
those that do not. Although pepdde compedtion studies did not fine map the antigenic 
determinant, 0A4 secpiences other than 1-42 were not eflfecdve in inhibitmg binding. 
The fiict that M2 did not totally compete with ^S-methionine-labeiled in 
vitro-translated BA4 may be due either to the particular properties of the molecule itself 
or to the Act that the 35-42 peptide tmmunogen wu presented in the context of a 
specific spacer and/or carrier, or that a 200-1000 fold excess of unlabdled peptide is 
not enough to quench the signal Non-specific effects of N-tenninai residues on 
antigenic activity are also wdl documented (Benjamin! ei oL^ 1968, Biochem. 
7:1261-1264). 

The intriguing finding that 25-35 actually enhances the ability of 369.2B and 
Other antibodies to bind to QA4 may be due to a peculiar interaction between die 
abstracted peptide and the fim length BA4 sequence itself Residues 26-33 are believed 
to exist u a random coil tn aqueous solution (Halverson #/ a£, 1990) and may be able 
to tmenct with sohible BA4 in such a way that makes die C- temunus more accessible 
to the binding sites on antibodies. 

The Mghly specific antibody of the instam invention, of which 369.2B is a 
particular example was raised against a synthetic BA4 peptide having residues 35-42, 
and does not recognize the shorter 0A4 species 1-40 in solution or on a solid phase. 
Furthennore, both 1-40 and M3 were unable to absorb out die antibody when used 
immunoUstochemically. A secondary screening method with medium capacity 
through-put fi>r the screening of hybridoma supematants using radioactivety labelled in 
vitro translated BA4 was applied so tiuit antibodies cuUed firom die primary screening 
could be fiirther sdected for their ability to immunoprecipitate soluble B A4. This 
method can be easily adapted to other proteins/antibodies of interest. The resuMng 
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MAb 369.2B rqmsenu a superior tool to invesdgtte the role f 0 A4 peptides ending 
tt postticm 42 in situ, postmortem tissue, transgenic ininuls, and the b vitro generation 
of BA4 peptides in established cellular BA4 production models, for diagnostic use. and 
for therapeutics. 

The monoclonal antibody of the presem invention represenu an important tool 
needed to establish a diagnostic test lot It permits one to measure/quantify the amount 
of the 0A4 M2 or derivatives thereof (e g. 4-42 species, and other truncated forms 
with the "42" carboxy end) in human body fluids (CSF, serum, urine etc.) or tissues. It 
can also be used to study the distribution pattern of 1 -42 or QA4 species ending in 
residue 42, in AD brains compared to healthy controls. lu exceptional high avidity 
makes it a superior and novel tool for such testing. The monoclonal antibody here 
disclosed can also be used in biological model systems such as transfected cdl cultures 
or animal models (transgenic mice), designed to measure snd/or influence the presence 
tnd/or production of BA4 species ending in amino add 42. These modd systems 
represem means to identify selective modulaton of the production of DA4 ending in 
amino acid position 42 of the BA4 in biological systems. The antibodies of the instant 
invention provide for methods of preventing aggregation of BA4 peptide because the 
specificity of the antibody will allow for the specific interference with the free C- 
terminal residue, thereby interfering with and disrupting aggregation that may be 
pathogenic in AD. 

Surprisingly, the antibody of the present invention differs from that of the prior 
art in that it stains difllise and fibrillar amyloid, neurofibrillary tangles, and vascular 
amjioid while being specific for the BA4 peptide free C-tcrrainal residue 42. TWs 
unique binding pattern shows that the antibody of the instant invention recognizes a 
diflTerent epitope from that of the prior art, and that the tissue distribution or 
accessibility of the BA4 peptide recognized by the antibody of the instam invention is 
also different. Further, the instant invention provides for monoclonal antibody which 
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can precipitate the DA4 pqnide out of solution, which wis not demonstnted by the 
antibodiet f the prior ut. Tluu the instant tmrention provides for unique monoclonal 
antibodies which recognize a unique subset of QA4 species vAidtt has a distinct tissue 
distribution that is niost likely a better diagnostic indicator than what waa previously 
S available^ and t unique target for therapeudc intervention. 

Thus the instant invention provides for antibodies* antibody fragments and 
constructs thereof which are specific for the BA4 species of peptide where the 
C*terminal ends at residue 42. The instant invention also provides for the use of such 
antibodies, binding fragments and constructs thereof in diagnostic, analytic, therapeutic, 

1 0 and biochemical purification methods which employ the biiuling specifidty of the 

instant monoclonal antibodies and their use within pharmaceutical formulations. 

The following €XMxnple$ will fiirther explain the instaru invention and are shown 
by way of tlhistration, and hot by way of limhation. The following examples tUustrate 
certain aspects of the above^dentified methods and compositions as well as 

IS. advantageous results. 

Example i: SA4 Peptide Ezpreuloo System 
Preparation of plasmid pGK002 

General cloning and molecular biology procedures are foimd for example in 

20 Sambrook, Fritsch, and Maniatis, 1989, Molecular Cloning 2nd edition, Cold Spring 

Harbor Lab Press. Plasmid pMTI-26, v^ch is a BluescriptKS clone containing 2.4 IS 
kb (kilobase pairs) of the APP sequence with a TAG stop codon followed by a BamHI 
site placed in frame by site-directed mutagenesis after the 42nd amino add codon of the 
0A4 region, was modified by exdsng a 1.8 kb Xba I/Bgl n firagment and rdtgating the 

2S plasmid after filling in the ends. The resulting construct, designated pGK002, places 

the consensus containing initiation codon of the BA4 sequence immediately 
downstream of the Bluescript T7 promotor. 
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Preparatioaof phsmid pGK003 

Plasmid pGK003 (Fig. 3), used in aU of the ^eat genn in vitro translations of 
BA4 to be described below, was made by subdoning a 590 bp (base pair) Notl/Xho I 
fragment from fGKOOl containing the entire human 0 A4 sequence with the 
S mutagenized stop/Bam HI into a pSP64po]yA vector (Promega Corp.). Inpreparing 

this plasmid, pGK002 was digested with Not I and Xho I and the resuMag 590 bp 
fragmem was filled in with Klenow, isolated, and ligated with pSP64polyA linearized 
withSmal. Figure 3 is a diagram of OonepGKOOS. The open reading frame of SA4 
M2 is expressed in vitro torn the bacterial SP6 promoter. The 3' untranslated (3'-UT) 
10 region of APP is shown in black. 

Eumple 1: In Vitro Transcription and Translation of pGKOOS 

Plasmid pGR003 was liiiearized with EcoRV and complete digestion was 
confirmed by agarose gd electrophoress. The sample was extracted twice with 

1 5 phenol/chloroform, followed by two chloroform extractions and ethanol precipitation. 

The resulting pellet was washed once in 70% ethanol, partially dried under vacuum, 
and resuspended inTE at a concetttnition of 1 pg/^I. 

In vitro transcripts using linearized templates at 30 pg/ml were prepared in 80 
mM HEPES-KOH (pH 7. S) buffer containing 1 6 mM MgCl,, 2 mM spermidine, 40 

20 mM DTT. 3 mM ATP/CrTP/GTP/UTP, 800 units/ml FlNAsin Ribonudease Inhibitor 

(Promega Corp.), 5 units/ml Yeast Inorganic pyrophosphatase (Sigma Corp.), and 
1800 units^ml SP6 RNA polymerase (Promega Corp ). The reaction mixture was kept 
at 37*C for 4 hn. The resultant transcript was verified by dectrophoresis through a 
1.2% agarose/TBE/EtBr gd with denatured samples (65*C x 10 min). 

25 Transcripts were translated using Wheat germ extract (Sigma Corp.). Briefly. 

transcripts were heated (6S*C x 10 min), mixed with the wheat germ extract containing 
KAc, RNAsin, and a methionine-minus amino add mbcture, and translated at 25 *C for 
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1 farm the preseace of "S4tbcllednwthionine (Amenta TransUdon ofA4kD 
(Idlo dattoa) 0A4 protcm wis verified by SDS*PAGE using 16% Tris/Tricine gd 
(Novex). Gds were fixed and proteins visualized fiuorognphicsUyust^ 
system, "Amplify" (Amersham). 
S The incorporatioa of label imo in vitro translated 0A4» which cootains one 

methionine residue per niolecule; was detennined by gel slicing. 2 mm dices were 
solubilized in 1 nd of 30% hydrogen peroxide, 0.7SM NH«OH ovenugltt at 37*C. Next 
a 10 ml vohmie of "Ready Value" sdnttllation cocktail (Beckman) was added and 
DPMs (Decay per ntinute) determined using a Beckman LS6000IC scindllation counter 

10 in the auto DPM mode. Typical reactions produce ~2S0 ng 0A4/ml, or ^S6 nM 

In vitro transoiption followed by translation of the 0A4 clone» pGK003, in a 
wheat germ lystcm resulted in a single 4 kD protdn product when visualized by 
fluorogr^>hy on a 16% Tris-Tridne SDS polyacrylamide gd (Figure4A). Figure 4A 
shows the resuks of SDS-PAGE on a 16 % Tris/Tricine gd. Lane 1: High MW 

IS. nniaricers. Lane2:LowMWmaricers. Lane3: InvitrotranslaedBA4inawheat germ 

system. The identity ofttus 4 Id) product was confirmed by inuminopredpttation with 
0A4 specific antibodies (Figure 4B). Figure 4B shows resulu of SDS-PAGE on a 16 
%Tris/Tricinegd. Lane l:Hi^MWmaricers. Lane 2: Low MW markers. Lane3: 
In vitro translacted BA4 fiom v^ieat germ system immunopredpttsted withMAb 

20 286.8A. Transcription and translation ofthis as well as other BA4dones in a 

combined reticulocyte lysate ^em (TnT) did not result in the same yidd or purity of 
radtoactivdy labelled BA4 (data not shown). This could be due to the short transcript 
or to the peculiar nature of the 0 A4 peptide itsdC 

The monodond antibody 286.8A, which was raised against crude peptide 1-42 

25 and maps to re^on 3*8 of 8A4, was able to predpttste ttus protein in a 

concentration-dependent manner (Figure S). Figure S graphs this imnruinopredpttation 
of in vitro translated BA4 (IVT fiA4). Increasing amounu of IVT BA4 were 

•16. 
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unmunoprectpttAted with a fixed troount of 286.8 A (7.4 fig) in 100 fil in RIPA bu£fer. 

Esample 3: Immuaogcn and Screening Peptide Preparation 

Peptides were prepared by standard Fmoc soIid*phase procedures, (see for 
S exanipleGnia-Masse«r oil, 198S). 

Peptide #959, a 14 residue synthetic peptide having an N-terminal cysteine 
attached to a hydrophilic DGDGD queer and residues 35-42 of human BA4 (resulting 
complete sequence: CDGDGDMVGGWIA (SEQ ID NO: 1)), was coupled to a 
maleimide-acttvated KLH (Keyhole Limpet Hemocyanin) carrier using the 

10 commercially availible "Imject" Activated Immunogen conjugatim kit (Pierce). 

Briefly, 2 mg of peptide were dissolved in 200 ^t of corrugation buffer and allowed to 
react at room temperature for 2 hrs with 2 mg of reconstituted nuldmide^activated 
KLH. The conjugate was purified by gd filtration and used as an immunogen for 
monoclonal antibody production using standard protocols as described in Example 4. 

15 Peptide #958, a 14 residue synthetic peptide having an N-terminal cysteine 

attached to a GGGGG q>acer and residues 35-42 of the human BA4, (resulting 
complete sequence: CCGGGGMVGGWIA (SEQ ID NO: 2)), was coupled to 
ovalbumin by dissolving 2 mg of peptide in 200 |il 6M guanidine, O.OIM phosphate pH 
7.0 and conjugated as above to 2 mg of a reconstituted maleimide activated ovalbumin. 

20 The purified conjugate was used in ELIS A-screening of monoclonal fusion products. 

Antibodies screened in this way are specific for the "35-42" determinant rather than the 
spacer, cysteine bridge or carrier portions of the inununogen. 

Figure 6: Dhistrates the peptide txsed to generate the immunresponse (the 
immunogen) and the peptide used to screen the sera of mice, as well as fiiuons, in the 

25 enzyme immunoassay {date (EIA) are shown. BA4 sequence 35-42 wu synthesized 

together with a spacer and a C-terminal Cysteine, which was then used to couple it 
covaiently via maleimide bridge to a large carrier molecule. Both, the spacer and the 
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canier iiu)lecule in tnuTumogen and screening pq^ rdert select for 

D A4 sequence specific antibodies. 

EUSA (Efizyme Uaked Immoaosorbant Assay) 
5 BiotioyUtioa of MAb 

The N-hydroxysuodniniide ester of btotin is used to biotinylate monoclonal 
antibody 286.8A Theitttegrttyoftliereagent is first verified by watching it^ 
spontaneous hydrolysis in the absence of princiary amines: an 0.2 mg/ml solution of 
NHS*LC-Biotin (Vector Labs, Burlingame, CA) in PBS is monitored at 260nm over 

1 0 time. An OD260 of 1 .0 afto* approximately 2 hrs (rising from and initial OD260 - 

0.5S) indicates the expected hydrolysis. 

In the biotinyiation reaction a 66: 1 molar ratio ofBiotin to monoclonal 286.8 A 
at neutral pH has been found to give optimal results when the triotinylated 286.8 A was 
.tested in an EUsa fiDcmat. NHS«LC*Biotin 0.6 mg in H,0 at a concentration of 0. 1 

15' mg/ml is added (within S min of dissolving) to 1 ml (2 mg) of 286.8A in PBS. 

Nucleophilic attack of the NHS ester is allowed to occur at 25 *C for 4 hrs after which 
10 mg of glycine in SO |il H,0 is added to stop the reaction. The reaction is then 
placed over a 10 ml cross-linked dextran desalting column equilibrated to PBS and 0.5 
ml aliquots are collected. The first peak representing the IgG peak is pooled and stored 

20 at 4*C until used. 

Elisn proeednres 

Conttng 25801 96-wdt Elisa plates are coated overnight at 4*C with 100 fil 
monodonal4G8 or other capture antibody a 5 ^g/ml typically in i^O or 
25 buffer. The plate is then washed with PBS containing 1% Triton X- 100 in a Dynatech 

Ultrawash plus. Wdls are then blocked for 90 min with 300^1 PBS containing 1% 
Triton X-100 and 1% Elisa grade BSA (Blocking Buffer). After washing antigen or 



.18- 



wo 96/25435 



PCTAJS96/02491 



unknown diluted in blocking buffer is idded to the wells in triplicates and incubated at 
room tenq>erature for2 hrs. The plate is washed 2 times and 400 ng biotinyiated 
286.8A or other detecting antibody is added. After 30 min the plate is more extensively 
washed (2 times wash, 2 min soak, 2 times wash) and 100 fil preformed 
Avidin-Biotin-Alkaline Phosphatase Complexes (Vector Labs) are added. The plate is 
washed (2 times wash. 2 min soak, 2 times wash. S min soak, 4 washes) and Nf^ 
substrate added at 0.06 mg/ml Ixdiethanolamine buffer. Plates are read in a Mim^^ 
CytoBour after 1 S min using a 360 nm excitation fiber and a 460 nm emission fiher. 

Example 4: Generation of Monoclonal Antibodies 

Balh/c mice were inununized with multiple U. inoculations of KLH conjugated 
peptide #959. Splenocytes from immunized animals were fused with the mouse 
myeloma AGS using standard protocols (Wunderiich ct al., 1992, J. Immunol. Methods 
147:1.11). Supcmatants from resultant hybridomas were screened for 
imnumoreactivity to ovalbumin-coupled peptide #958 uang standard Elisa protocols 
as described above. Hybridonws positive for the expression of immunorcactive MAbs 
were doned at least twice by limiting dilution and MAb isotype analysis wu 
performed. Purified MAb IgG was prepared from ascites fluid using protdn-A affinity 
chromatography. 

After fiision screening showed that immunization of mice with peptide #959 
conjugated to KLH and screened in a solid-phase ELISA foiroat with pqrtide #958 
coupled to ovalbumin resuked in sue positive parental signals fidcntified as 369.1 
through 369.6). Both peptides have amino acids 35-42 of the DA4 region, different 
N-tenninal spacers, and a cysteine for covalent coupling to carrier proteins (Figure 6). 
The fiiee C-terminus with the charged carboxy group and a limited length of only 8 
amino acids fiwors the generation of antibodies which are specifically directed against 
longer forms of BA4 peptides; shorter DA4 peptides ending before amino add 42 would 
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thus not be recognized. 

Figure 6 diagrams the structure of the unmunogen (carrier*pepttde) and the 
screening peptide (canier-screening peptide) used. 

Two ofthe six parental signals were uhimately not donable. Of the remaining 
four, two gave imnninoprecipitation/scintillation stgnals only a few percent above 
normal nonimmune controls; the other two (identified u 369.6 and 369.2) showed 
signals of 18% and 19% respectively. Production of monoclonal antibodies fiom 
asdtiea fluid and mbscquent immunopuriScation of these donei was done. Table I 
compares the data obtained with the IPSA for hybridoma supematants and purified 
antibodies. 



Tabkl 








CfiULios 


laotvne 


IPSAfsuoemttanrt 


IPSA fpurified) 


369!l 


IgGl/IgG2b 


3% 


N.D. 


369.2 


IgGl 


19% 


2S% (with 5 |ig) 


369.3 


IgGI 


2% 


NJ5. 


369.6 


IgGIb 


18% 


7% (ynth 10 |ig) 



Table I. Comparison of antibody activities in hybridoma cell lines. IPSA data 
represents the percent of in vitro translated QA4 wtuch could be immunopredpitated by 
either hybridoma supematants or purified antibody. 

Example 5: Immanoprectpitatioii/ScintillatloD Assay for Hybridoma Screening 

To devdop and screen for monoclonal antibodies vAidk recognize the B A4 
peptide in sohttion rather than when attached to a solid phase, an ass^ was developed 
in which inununopredpitation of an '^S-methionine-Iabelled in vitro-translated fl A4 
(IVT 0A4) is measured. A standard amount of in vitro translated BA4 is allowed to 
form antibody/antigen complexes in a solution which can be optimized for ionic 
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Strength, pH, and deterigent composition. After the immune complexes tre precipitated 
with Protein G (Omnisorb celk) tnd washed extensiveiy, boui^ 
in t fiquid sdmillation coumer background is subtfMed and the effideocy of 
predpttadon calculated. This Immunopredpitation/ScindlUtion assay (IPSA) aOows 

5 for both the rapid identification and characterization of antibodies, and hu been used 

to test a variety of 8 A4 antibodies. The assay can be applied in general to monodonal 
tqbndoma supernatanta as wdl as polydonal sera to identify anttbodtes wUch can be 
used for immunopredpitations. Typically 18 IPS As can be performed m one d^r. This 
is therefore a &st and informative secondary hybridoma screening method 

0 Briefly, approximatdy l.S x 10' DPMs of ^'S-methionine-labded b 

vitro-translated flA4 (IVT QA4) were added to 10 \il of a lOx immunopredpttation 
buffer (ISOmMNaCI, lOVoNP-40, 5% deoxycholic acid,- 1% SDS, 500mM Tris pH8). 
To this, 90 III of monodonal cell supernatant from the monodonal fiiston of interest 
(our dedgnation* 369) were added and allowed to react for 2 hrs at 4*C. Background 

5 w determined using 90 pi ofsupenwtantofa non-reactive done; the positive cont^ 

wu 90 pi of supenuuam containing monoclonal antibody 286.8A which was made 
previously against a cmde synthetic QA4(M2) preparatioa After 2 hrs, 40 pi of a 
IWt solution of Omnisoib cells (Calbiochem) equilibrated in Ix innnunopredpitation 
buffer (RIPA buffer. ISOmM NaCl, l%NP-40, 0.5% deoxycholic add. 0.1% SDS, 

0 50niM Tris pH8) were added and allowed to react for an additional 2 hrs at 4*Cwith 

rocking. The cdls were pelleted by ccntiifiigation for 5 min at 4500 g and 4*C, and 
washed 3x with 800 pi cold Ix immunoprecipitation buffer. Pellets were quantttativdy 
transferred to scimillation vials and counted in a Beckman LS6000 sdnttllation counter 
in the Auto DPM mode. The percentage of 0 A4 tmmunopredpitated was calculated. 

S Inuminopredpitation/Scintillation assays were performed with 1 pg of purified 

monodonal antibody 369.2B in a total volume of 100 pi Ix immunopredpitation 
buffer to which 5 pg of competing peptide were added. Incubations and predpttations 
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were u described above. 

Figure 7 depcu the percentage of imnuuiopredpitated IVT BA4 u a fiinction 
of antibody concentration for MAbs 369.2, 369.6 and MAb 286.8A. Under the 
conditions of thii aatny. 369.2 (and further subclone 369.2B) is approximsteiy four 
times better than 369.6 in imsninopredpttadng soluble IVT QA4» but precipitates a 
litde less than half as much as 286.8A. Figure 7 shows the rtsutu of 
IininunoprectpEtation of in vitro translated fi A4 vs. antibody concentration (fig 
antibody/100 (il RIPA buffer) where; 

Percent AA4 tmmunopracipifiitDd - (domt with MAb^ > fdwwi with iwn or ommmunt ccmtnX\ 

(toCAl fiM dpma/roKtian) 

Percents with a given MAb concentration varied only a few percentage points 
between and within experiments. 

IPSA for Monoclonal Characterization 

Approximatdy 1.5 x 10' DPMs of "S«methionine-Iabeled in vitro-translated 
BA4 were added to various amounts of purified monoclonal antibody, either 369.2B, 
369.6, or 286.8A, in a total volume of 100 |il Ix inununoprecipitation buffer, and 
allowed to react as described above. Immune complexes were precipitated with 
Omnisorb, washed, and counted as described above. 

Example 6: Characterisation of MAb 369.2B 

To fiirtber characterize the best cell line, 369.2B, a competition 
immunopre^ttatioo/scintillation assay (Competition IPSA) was performed. In this 
variation 369.2B wu added to an approximate 200 fold molar excess of unlabdled 
competitor pepdde at die same time as labelled in vitro translated BA4 M2. As 
expected, peptides to the human BA4 region, MO, 1-1 1, 1-28, 12-28, as well as the 
reverse pepdde 40-1 did not compete with the *'S-methionine-labeled in 
vitro-translated BA4 for inununoprecipitation, whereas the complete 1*42 peptide did 
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(Figure 8). 

These results were corrobormted in a toIid*phase EUSA format: the absorbed 
ovalbunuii-coupled screening peptide which contains the 0A4 region 35-42, u well as 
the 1-42 peptide, compete whereu 1-40 did not (Figure 9). The decreased 

5 competitiveness of the M2 pq>tide compared to the ovilbumtn coupled 3S-42 may be 

due to conformational and/or sohtbility fiictors tnvohring the antigenic determinant, or 
perhaps more simply to the particular stoichionMry of the coqugslion (ovalbumin, a 
carrier with molecular weight of 4S IcD compared to 4 U) for the 1-42 pq)ttde, and 
having somewhere between S-15 conjugatable maleimide groups per mole of carrier). 

0 Figure 8 shows Immunoprecipitaticn Peptide competition/Sctntillation Assay 

for epitope determination of MAb 369.2. Peptide competitor (5 ^g) was mfaced with in 
vitro translated DA4 (-1.5x10* DPMs or -200 pg) then immunopredpitated whh 2 
^g 369.2, where; 

^ . (touiaA4dpfni/raKtion} 

Percents with a given MAb concentration varied typically only a few percentage 
points between and within experiments. 

Figure 9 shows epitope mapping of MAb 369.2 by competitive assay. C369.2 
(SOng IgG/100 ^1) was preincubated with or without synthetic competitor peptides 
0 (22*C, 1 hr), then subjected to Elisa against plate-bound Ovalbumin-coupled 3 5 * 42 

(200ngAvell). Percem competition was calculated relative to MAb binding in the 
absence of compethor, le. where; 

(«Snil w/o oompditor) 

5 The solid square is 35-42(OVA) peptide conjugate; the open square is M2 peptide; 

and the solid diamond is 1-40 peptide. 

From this dau we conchide that monoclonal 369.2B is spedfic for the 
C-terminal end ofthefiiU length (1-42) BA4 peptide. Although the exact antigenic 
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detenniiuuii his not been fine mapped, h dearly involves residues beyond position 40 
and, since the antibody was made to a short synthetic peptide the determinant is 
unlikely to involve other residues of 0A4 which may be conformationally juxtaposed. 
Specifically, 369.2B u a very important tool in recognizing BA4 species ending at 
position 42. 

One additional and interesting observation fiom the peptide competition assay is 
the enhanced iminunoprecipitability of in vitro-translated QA4 by the decapeptide 
23-35. This phenomena has also been seen in assays using one other monoclonal 
antibody (lc, 2S6.8A) as well as one rabbit polyclonal antisera (dau not shown). We 
also know from other experiments using varying amounts of detergent, specifically 
SDS, in IPSA assays with MAb 286.8A that more QA4 can be immunopredpitated 
with increasing anuMints of detergent (dau not shown). 5DS, interestingly, has been 
shown to be ineffective in solubilizing QA4 aggregates, at least as shown by 
SD&-PAGE (Burdick et aL, 1992). However it is not immediately clear why SDS 
should enhance the imnuinopredpitability of 0A4. 

Eumple 7: Immttnohbtocbcmical Studies 

We have imdertaken inununohistochemistry studies with 369.2B. The staining 
pattern of 369.2B (1/10,000 dihition of a 22 mg/ml asdties purified antibody sokition) 
when compared to the monoclonal antibody 2S6.8A which we have shown recognizes 
epitope 3-8 of QA4 and is human specific (dau not shown) showed interesting 
differences. ResulU obtained from immunohistochemistiy demonstrated that 369.2B is 
an excellem antibody (at 1/10,000 dilution) to specifically label amyloid plaques cores, 
diffiise u wdl as fibrillar amyloid deposits and vascular amyloid deposiu (Figure 10). 

Figure 10 is a photomicrograph showing P-amyioid plaques* blood vessels, and 
perivascular deposiu of p A4 in a paraffin embedded 10 \im thick section fitim the brain 
of a 76 year old female patient with Alzheimer's disease. Tissue sections were 
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pretreated with S8*/« fonnic tcid (30 min), then labeled using in 
avidin-biotin-pcroxidase kit (Vector Laboratories, Burlington, CA) with 
nickel«<liaminobe&zidine as the diromagen. Monoclonal antibody 369.2B labels 
plaques with a variety of morpologies, including cored, perivascular, and difiSise 
5 (noft-amyioidotic) plaques. It also labels a subset ofamyloidotic blood vessels. 

Further studies also showed that QA4 M3 peptide was not able to compete for 
staining (more than a 1000 fold excess peptide), whereas 0A4 M2 completely 
abolished the signal (Table 2). Again as expected, 1*40 or 40-1 did not compete for 
staining. From these studies we can akeady condude that tlus antibody is an excellent 

10 tool for tmmunohistochemistiy. As suggested by in vitro studies which show 

physico-chemical differences between 1-40 and M2, it is possible that these two DA4 
spedes show distinct patterns in Alzheimer brains. Witb-tbe monoclonal antibody of 
the instant invention, we are iu)w able to begin addressing this questioa Thusthe 
monoclonal antibody and methods of the instant invention are usefol for diagnostic and 

1 5 therapeutic uses in all immimolopcal and related methodologies which can be applied 

to the detection, monitoring, extraction, inhibition and modification of unique BA4 
spedes, in the diagnosis and treatmem olT AD. 
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Table 2 



10 
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Monoclonal Antibody used for Staining 
N.ter[ninalMab286.gA C-tenninal Mab 369.2B 



CompetiiigDetrtide 
None/buffer 
None/DMSO 
Human "40-1" 
Human "1-16' 
Mouse -1-16" 
Human -1-40- 
Huroan '1-42" 
Human "1-43" 
Human *3S«42* with spacer 
Table 2. Results fiom competition binding experiments and intubhion of staining, a 
•H-+ indicates strong staining, - indicates no detectable staining. 

It should be understood that the foregoing disclosure emphauzes certain 
q>ecific ohbodinients of the invention and that all modifications or aheniatives 
equivalent thereto are within the spirit and scope of the invention as set fonh in the 
appended claims. 



20 
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SEQUENCE LISTING 

(1) GENERAL tNTORMATION: 

<i) APPLICANT: Konlg, Gerhard 
Grahaa# Paul 

S (ii) TITLE or INVENTION: Monoclonal Antibody Spaclflc for BA4 

Peptide 

<111) NUMBER OF SEQUENCES: 3 

(Iv) CORRESPONDENCE ADDRESS: 

(A> ADDRESSEE: Allegrettl & Vltcoff, Ltd. 
10 (B) STREET: 10 South Vacker Drive Suite 3000 

(C) CITY: Chicago 

(D) STATE: Illinois 

(E) COUNTRY: USA 

(F) ZIP: €0606 

IS (V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC- compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

' -CD) SOFTWARE: Patentin Release il.O, Version 11.25 
20 <vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 
(B) FILING DATE: 

(C) CLASSIFICATION: 
(villi ATTORNEY/AGENT INFORMATION: 
25 (A) NAME: McDonnell, John J 

(B) REGISTRATION NUMBER: 26,949 

(C) REFERENCE/DOCKET NUMBER: 95,216 
(ix) TELECC»<MUNICATION INFORMATION: 

(A) TELEPHONE: 312-715-1000 
30 (B) TELEFAX: 312-715-1234 

(2) INFORMATION FOR SEQ ID N0:1: 

(1) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 14 amino acids 
35 (B) TYPE: axaino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) KOLECULK TYPE: peptide 
(Xi) SCQUCNCC DESCRIPTION: SEQ ID N0:1: 
Cys Asp GXy Ajp GXy Asp Met Val Gly Gly VaX V«X iXe AX« 
X 5 10 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
Cys GXy GXy GXy GXy GXy Met VaX GXy GXy VaX VaX IXe Ala 
15 XO 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
^ - (A) LENGTH: 59 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: Xinaac 
(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(A) NAME/KEY: CXeavage-site 

(B) LOCATION: 4.. 5 

<D) OTHER INFORMATION: /XabeX- Beta 

/note- **Beta cleavage site in APP** 

(ix) FEATURE: 

(A) NAME/KEY: CXeavage-site 

(B) LOCATION: 20.. 2X 

(D) OTHER INFORMATION: /XabeX- AXpha 

/note- *'AXpha cleavage site in APP# residues X6/X7 
of BA4." 

(ix) FEATURE: 

(A) KAME/KEY: CXeavage*site 

(B) LOCATION: 46.. 47 
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(D) OTHER INFORMRTZON: /label- Gudoa 

/note- "Gmbui cXeava^tt sits in APP** 

(ix) FEATURE: 

(A) NAKB/KSY: Peptide 
S (B) LOCATION: S..47 

(D) OTHER INFORMATZON: /label- BA4 
/note- ''BA4 peptide** 

(ix) FEATURE: 

(A) NAME/KEY: Region 
10 (B) LOCATION: 33.. 56 

(D) OTHER INFORMATION: /label- Tm 

/note- ''Transmembrane region of APP* 

(ix) FEATURE: 

(A) NAME/KEY: Region 
iS (B) LOCATION: 1..32 

(D) OTHER INFORMATZON: /label- Ex 

/note- -N-terminal extracellular part of APP- 

(Xi) ^SEyUENCE DESCRIPTION: S£Q ID M0:3: 
20 Glu Val Lys Met Asp Ala Olu Phe Arg His Asp Ser Gly Tyr Glu Val 

15 10 15 

His Hla Gin Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys 

20 25 30 

Gly Ala He He Gly Leu Met Val Gly Gly Val Val He Ala Thr Val 
25 35 40 45 

He Val He Thr Leu Val Met Leu Lys Lys Lys 
50 55 
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We claim: 

1 . A monoclonal antibocfy that binds B A4 peptide associated with diffuse amyloid, 
fibrillar amyloid, neurofibrillary tangles, and vascular amyloid, v^ieretn said 0A4 
peptide contains a Btc carboxy terminal amino add that corresponds with amino acid 
42 of the 6A4 pqnide amino acid sequence. 

2. A monoclonal antibody of claim 1 that recognizes the C*tenninal ammo add 42 
of the BA4 peptide (SEQ ID N0:3). 

3 . A monoclonal antibody of claim 1 that is an IgG dass antibody. 

4. A monodonal antibody of claim 1 that is an IgGl or IgG2b subdass antibody. 

5. A monodonal antibody that is identified as 369.2B, and is produced by the cell 
line deposited with the American Type Culture Colleton (ATCC) as ascension 
number HB 11829. 

6. An inummolo^cally active firagment of the monoclonal antibody of claim I . 

7. An immunologically active fr^ment of the monodonal antibody of daim S. 

S. A cell which is identified by the ATCC ascension number HB 1 1829. 

9. A method of detecting the presence of BA4 peptide in tissue comprising 
contacting a tissue sample with monodonal antibody of claim 1, and detecting the 
presence of monodonal antibody. 
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10. A method of sdectively purifying 0A4 pq)dde comprising conticdng a sample 
to be purified widi the monod nal antibody f claim 1, separating the DA4 peptide 
from the sample to be purified, and isolating the Q A4 peptide. 

11. A UEiethod of detecting of BA4 peptide associated with Altzheimer's Disease, 
comprising contacting a sample to be tested with the monoclonal anulxxty of claim 1 
and detecting the presence of 0A4 peptide. 

12. A method of detecting the presence of 0A4 peptide in tissue comprising 
contacting a tissue sample with monoclonal antibody of claim S and detecting the 
presence of monoclonal andbody. 



13. A method of selectively purifying 0A4 peptide comprising contacting a sample 
to be purified with the monoclonal antibody of claim S, separating the BA4 pqnide 

15 from the sample to be purified, and isolating the DA4 peptide. 

14. A method of detecting BA4 peptide associated with Alzheimer's Disease, 
comprisiiig contacting a sample to be tested with the monoclonal antibody of claim S, 
and detecting the presence of BA4 peptide. 

20 

15. A method of preventing aggregation of 6A4 peptide comprising administering 
the inofiodonil intibody of claim 1. 

16. A method of preventing aggregation of fiA4 peptide comprising administering 
25 the monoclonal antibody of claim S. 
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17 A means for detecting the presence of BA4 peptide comprising tn 
tmnnmoIogiciOy reactive firagment of the monoclonal antibody of daim 1 . 

18. A means for detecting the presence of 0A4 pqnide oonq)rifing an 
immunologically reactive fragmem of the monoclonal amibody 

19. A means for preventing the aggregation of 0A4 peptide comprising an 
inununologjcalty reactive fiagmem of the monoclonal antibody of daim S. 

20. A method ofgenerating the antibody of daim 1, comprising inrnmnizing a 
mammal with the peptide CDGDGDMVGGWIA (SEQ ID NO: 1) conjugated to a 
suitable immunological carrier. 
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BA4DPM# Precipitated 



IVT0A4(DPM8X1CP) 
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Immunogen 



Maieimide Bridge 




CDGDGDMVGGWIA 



3A4: 35-42 sequence 
KLH Carrier Hydrophllic Spacer 

Cysteine with free sulfhydiyl for coupling 



r 



ScfMnlng Peptid* 




Maieimide Bridge 



CGGGGGMVGGWIA 

a' 



Ovalbumin 
Carrier 



t 



QA4: 35-42 sequence 
Antigenically Different Spacer 
Cysteine with free sulfhydiyl for coupling 
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